(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(ID EP 1 088 648 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
10.12.2003 Bulletin 2003/50 

(21) Application number: 00104858.6 

(22) Date of filing: 07.03.2000 



(51) mt CI7: B 29 C 67/24, B29C 39/42, 
B29C 37/00 



00 

CD 

00 
00 

o 



a. 

LU 



(54) Process for forming coating film 

IMC-Verfahren 

Procede pour revetement en moule 



(84) Designated Contracting States: 
DE GB IT 



(30) Priority: 29.09.1999 


JP 


27618399 


29.09.1999 


JP 


27618499 


29.09.1999 


JP 


27618599 


29.09.1999 


JP 


27618899 


29.09.1999 


JP 


27618999 


29.09.1999 


JP 


27619099 


29.09.1999 


JP 


27619399 


04.10.1999 


JP 


28307799 



(43) Date of publication of application: 
04.04.2001 Bulletin 2001/14 

(73) Proprietor. TOYODA GOSEI CO., LTD. 
Nishikasugai-gun Aichi-ken (JP) 

(72) Inventors: 

• Ho, Takayuki 

Ama-gun, Aichi-ken 497-0031 (JP) 

• Asaya, Toshihiko 

Nagoya-shi, Aichi-ken 467-0822 (JP) 

(74) Representative: 

Pellmann, Hans-Bernd, Dipl.-lng. et al 
Patentanwaltsburo 
Tiedtke-BQhling-Kinne & Partner 
Bavariaring 4-6 
80336 Munchen (DE) 



(56) 



References cited: 
EP-A- 0 771 642 
EP-A- 1 040 906 
DE-A- 3 407 474 
US-A- 5 633 289 



EP-A- 0 781 643 
WO-A-96/03264 
DE-A- 19 521 315 



PATENT ABSTRACTS OF JAPAN vol. 1998, no. 
05, 30 April 1998 (1998-04-30) & JP 10 000652 A 
(TOYODA GOSEI CO LTD), 6 January 1998 
(1998-01-06) 

PATENT ABSTRACTS OF JAPAN vol. 1998, no. 
05, 30 April 1998 (1998-04-30) & JP 10 000653 A 
(TOYODA GOSEI CO LTD), 6 January 1998 
(1998-01-06) 

DATABASE WPI Section Ch, Week 199252 
Derwent Publications Ltd., London, GB; Class 
A32, AN 1992-430659 XP0021 38203 & JP 04 
329112 A (ISUZU MOTORS LTD), 17 November 
1992 (1992-11-17) 

• PATENT ABSTRACTS OF JAPAN vol. 011 , no. 
082 (WI-571), 12 March 1987 (1987-03-12) & JP 61 
237611 A (TOYOTA MOTOR CORP), 22 October 
1986 (1986-10-22) 

» PATENT ABSTRACTS OF JAPAN vol. 012, no. 

381 (M-752), 12 October 1988 (1988-10-12) & JP 
63 134209 A (NIPPON PLAST CO LTD), 6 June 
1988 (1988-06-06) 

• PATENT ABSTRACTS OF JAPAN vol. 1998, no. 
02, 30 January 1 998 (1998-01 -30) & JP 09 277304 
A (NIPPON PLAST CO LTD), 28 October 1997 
(1997-10-28) 

• PATENT ABSTRACTS OF JAPAN vol. 017, no. 

382 (C-1 085), 19 July 1993 (1993-07-19) & JP 05 
065694 A (ISUZU MOTORS LTD), 19 March 1993 
(1993-03-19) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1 ) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 088 648 B1 

Description 

[0001] The present invention relates to a process for manufacturing a molded product according to the preamble of 
claim 1 

s [0002] Typically, vehicle steering wheels are manufactured by resin molding. A core bar is first set in a metal mold 
at a predetermined position. Thereafter, a resin material is injected into the cavity of the metal mold and cured. A 
urethane resin is used as the resin material. A coating film having light resistance is formed on the surface of the resin 
molded part to prevent discoloration of the urethane resin by exposure to light. 

[0003] A method of forming the coating film includes applying a coating to the inner wall of the metal mold (the surface 
w of the cavity) prior to molding. More specifically, a coating solution is sprayed on the inner wall of the opened metal 
mold with a spray gun. The metal mold is closed and a filler material (urethane material) is injected into the mold cavrty 
and cured Thus a molded product having a coating film on the surface is produced. A molding method in which a 
predetermined material is injected into the cavity and cured by a chemical reaction is called "reaction injection molding" 

is [0004] However, when a coating solution is applied with a spray gun, the coating may be applied to parts other than 
the surface of the cavrty or may scatter into the air without adhering to the surface of the cavity. Therefore, the adhesion 
efficiency of the coating is low. Since the coating applied to surfaces other than the surface of the cavity produces a 
burr after molding, the step of removing this burr is required. Further, the material that scatters into the air stains the 
work site 

20 [0005] On the other hand, when a coating solution is directly applied to a molded product with a spray gun, it is 
difficult to apply the coating uniformly. It is particularly difficult to properly apply the coating to the parting line of a 
molded product. Therefore, the light resistance of the steering wheel may not be complete. 

[0006] Further EP 0 781 643 A describes a method, wherein a coating layer is formed by injecting the coating material 
into the evacuated mold, so that a spontaneous expansion of the gases dissolved in the coating material causes a 
25 scattering of the coating material all over the surface of the mold cavity wherein the spontaneous scattering of the 
coating material takes places in a very short time, e.g. 0.2 seconds. 

[0007] Furthermore, US 5,633,289 teaches the use of a single material injected in a single injection step at reduced 
cavity pressure. 

[00081 Moreover JP-6 31 34209 describes the use of different temperatures of two mold portions to control a skin 
so layer thickness in reaction injection molding, wherein the formation of solid material layers is controlled by the different 
mold temperatures at the respective mold halves. 

[0009] Finally EP 0 771 642 A1 discloses a method of forming a molded article having different material properties 
at its surface than at its interior, wherein a continuous and slow injection of material is used, wherein the material 
composition is continuously changed during injection. 
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SUMMARY OF THE INVENTION 



[0010] In view of the prior art, it is the object of the invention to provide a method for applying a coating to the inner 
surface of a mold cavity, wherein the later shape, thickness and other properties of the coating layer can easily and 
40 reliably be controlled. . 

[0011] This object is met by the method of claim 1 . Advantageous modifications of the method are depicted in de- 
pendent claims. , ... 
[0012] Other aspects and advantages of the present invention will become apparent from the following description, 
taken in conjunction with the accompanying drawings, illustrating by way of example the principles of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0013] The features of the present invention that are believed to be novel are set forth with particularity in the ap- 
pended claims. The invention, together with objects and advantages thereof, may best be understood by reference to 
so the following description of the presently preferred embodiments together with the accompanying drawings in which: 

Fig. 1 , Fig. 2 and Fig. 3 are diagrams illustrating a process for molding a steering wheel according to a first em- 
bodiment of the present invention; 

55 Fig. 4 is a perspective view of the steering wheel of the first embodiment; 

Fig. 5 is a sectional view of the grip portion of the steering wheel of Fig. 4; 
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Fig. 6 is a diagram schematically showing an injection molding machine according to a second embodiment of the 
present invention; 

Fig. 7, Fig. 8, Fig. 9 and Fig. 10 are sectional views illustrating a process for molding a steering wheel according 
5 to a third embodiment of the present invention; 

Figs. 1 1 to 1 3 are diagrams for explaining a process for molding a back panel according to a sixth embodiment of 
the present invention; 

10 Fig. 14 is a perspective view of the back panel of the sixth embodiment; 

Fig. 15 is a diagram schematically showing an injection molding machine according to a seventh embodiment of 
the present invention; 

is Fig. 1 6 is a diagram schematically showing the urethane injector of an injection molding machine according to an 

eighth embodiment of the present invention; 

Fig. 1 7 is a timing chart showing changes in the concentration of a pigment in the foam molding step of the eighth 
embodiment; and 
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Fig. 18 is a timing chart showing changes in the concentration of a pigment in another foam molding step. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 [0014] In the drawings, like numerals are used for like elements throughout. 
(First Embodiment) 

[0015] The first embodiment of the present invention will be described below with reference to the accompanying 
30 drawings. 

[0016] As shown in Fig. 4, a steering wheel 1 has an annular grip portion 2, three spoke portions 3, 4 and 5, and a 
boss plate 6. The grip portion 2 and the spoke portions 3, 4 and 5 are covered with a urethane resin. The urethane 
resin portions are formed by reaction injection molding. In the reaction injection molding step, the grip portion 2 is set 
in a metal mold 7 (lower die 8 and upper die 9) shown in Figs. 1 to 3 such that the surface of the steering wheel that 

35 faces the driver faces downward in the mold. 

[0017] The metal mold 7 includes a lower die 8 fixed to a frame 11 and an upper die 9 fixed to a cover 1 2. The frame 
11 and the cover 12 form a box 13. Therefore, the metal mold 7 is placed in the inside of the box 13. A sealing member 
14 is provided in the mating surface of the cover 12, which faces the frame 11 . The metal mold 7 is moved between 
an open state shown in Fig. 1 and a closed state shown in Fig. 2. When the metal mold 7 is closed, the inside of the 

40 box 1 3 is sealed by the sealing member 1 4. 

[0018] During molding, the frame 11 and the lower die 8 are moved to a closing position and clamped. A core bar 
10 is manufactured by die casting aluminum, magnesium or alloy thereof. As shown in Fig. 2, a grip core bar 1 0a has 
a U-shaped cross section. 

[0019] A lower recess portion 15 and an upper recess portion 1 6 are formed in the lower die 8 and the upper die 9, 
45 respectively. When the metal mold 7 is closed, a cavity 17 is defined by both recess portions 15 and 16. An exhaust 
hole 20 (having, for example, a cross section of 4 mm*) is formed in the upper die 9. The exhaust hole 20 communicates 
with the upper recess portion 1 6 and a hollow portion 21 . A lower fixing member 1 8 is placed at the center portion of 
the lower die 8. The lower fixing member 18 extends in an upward direction. An upper fixing member 19 is placed at 
the center portion of the cover 12. The upper fixing member 19 extends in a downward direction. As shown in Fig. 2, 
so the core bar 1 0 is fixed by the lower fixing member 1 8 and the upper fixing member 1 9 during molding. 

[0020] An injection nozzle 22 is formed in the side wall of the frame 1 1 . A liquid urethane resin material is mixed by 
an unillustrated urethane injector and injected into the metal mold 7 from the injection nozzle 22. A urethane material 
is supplied to the cavity 1 7 through a gate 23. The urethane material contains a polyol component and an isocyanate 
component. 

55 [0021] An exhaust pipe 31 is installed in the side wall of the frame 11 at a position opposite to the injection nozzle 
22. The exhaust pipe 31 is connected to a vacuum pump 34 by a pipe 32 and a valve 33. The vacuum pump 34 reduces 
the pressure in the box 13. 

[0022] A process for molding the steering wheel 1 according to the first embodiment will be descnbed below with 
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reference to Figs. 1 to 3. 

[0023] To facilitate the removal of molded products, a parting agent is applied to the wall of the cavity 1 7 of the metal 
mold 7 when the mold 7 is open. The parting agent prevents the molded product from sticking to the metal mold 7. 
The parting agent contains wax or silicone oil. 

s [0024] Thereafter, the metal mold 7 is kept horizontal so that the grip portion 2 is positioned on a horizontal plane 
and a liquid coating M (150 grams in the first embodiment) is injected into the lower recess portion 15. The coating M 
contains methyl ethyl ketone (MEK) and isopropyl alcohol (I PA), which are solvents, and a urethane resin, which is a 
solid filler. MEK, I PA and the urethane resin are contained in the coating M in amounts of about 85 wt%, about 1 0 wt% 
and about 2.5 wt%, respectively. As shown in Fig. 2, the core bar 10 is set in the metal mold 7, and the mold is closed. 

10 [0025] Next, the pressure in the box 13 is reduced by the vacuum pump 34. When the pressure in the cavity 1 7 is 
reduced, the boiling points of the solvents (MEK, IPA) contained in the coating M fall. When the pressure reaches a 
predetermined level, the coating M boils. More specifically, the temperature of the metal mold 7 is maintained at 55°C. 
When the pressure in the cavity 1 7 is reduced to 40 kP (300 Torr) or less, the MEK and IPA boil. During the boiling of 
the M EK and IPA, the coating M foams and its volume expands. The coating M adheres to the wall surface of the cavity 

15 1 7 by the breakage of the foam. Thereafter, the solvents of the coating M evaporate, and a coating layer of the urethane 
resin is formed on the wall surface of the cavity 1 7. The solvents clean the surface of the core bar 10 in the cavity 17. 
The coating M, which also functions as an adhesive, adheres to the surface of the core bar 1 0. The solvents evaporate 
in about 60 seconds and the evaporated solvents are exhausted to the outside of the metal mold 7 through the exhaust 
hole 20, the hollow portion 21 and the exhaust pipe 31 

20 [0026] Subsequently, as shown in Fig. 3, the liquid urethane material, which has been mixed by the unillustrated 
urethane injector, is injected into the cavity 17 from the injection nozzle 22 through the gate 23 while a predetermined 
reduced pressure is maintained. The polyol component reacts with the isocyanate component, and the urethane resin 
foams and cures. 

[0027] Fig. 5 is an enlarged sectional view of the grip portion 2. Since the steering wheel 1 is foam molded by injecting 
25 the urethane material into the cavity 1 7 under reduced pressure, it has a highly foamed core portion U2 and a slightly 
foamed skin layer U3 (referto Japanese Patent No. 2518481). This skin layer U3 provides not only a soft feel but also 
a solid feel to the steering wheel 1 . A urethane resin coating layer U1 having light resistance is formed on the surface 
of the skin layer U3 with a substantially uniform thickness (for example, 10 ujti). 

[0028] Foam molding using the liquid urethane material is carried out at a lower temperature and a lower pressure 
30 in the cavity 1 7 than the injection molding of a general thermoplastic resin. Therefore, the coating layer formed on the 
wall surface of the cavity 17 is prevented from being destroyed by pressure and temperature during molding. Further, 
since the urethane material is injected into the cavity 17 under reduced pressure, the likelihood of a failure to fill the 
cavity 1 7 with the material is reduced. 

[0029] After completion of the molding, the metal mold 7 is opened and the steering wheel 1 is taken out. Thus, the 
35 process of molding the steering wheel 1 having the grip portion 2 and the spoke portions 3, 4 and 5 covered with the 
urethane layers U1 and U2 is complete. 

[0030] By molding with the grip portion 2 facing downward, the coating layer U1 on the front side of the steering 
wheel 1 , which is required to have higher light resistance, has a greater thickness. 

[0031] The thickness of the coating layer U1 on the resin surface of the steering wheel 1 was measured with a color 

40 difference meter. The result is shown in Table 1 . 

[0032] Table 1 shows the measurement results of the steering wheel of the first embodiment and a prior art product 
coated with the coating M by means of a spray gun. The urethane resins used for the core portion U2 and the coating 
layer U1 of the steering wheel 1 have the same color, but a coloring component was removed from the urethane resin 
of the core portion U2 to check the state of the coating layer U2 with a color difference meter. Table 1 shows the 

45 measurement results of a plurality of locations on the grip portion 2. The color of the uppermost portion (front side), 
where the coating film is thick, is used as a standard color, or reference. That is, when the color difference AE is zero, 
the thickness of the coating layer U1 at that position is the same as that of the uppermost portion. As the color difference 
AE increases, the thickness of the coating layer U1 at that position is less than that of the uppermost portion. The 
locations where measurements were taken are an intermediate position (upper intermediate portion) between the 

so uppermost portion (front side) and the parting line portion (PL portion) of the grip portion 2, the PL portion, an interme- 
diate position (lower intermediate portion) between the PL portion and the lowermost portion, and the lowermost portion 
(rear side). 

55 
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Table 1 



10 



Measurement position 


Color difference 


First embodiment 


Prior art 


Upper intermediate portion 


AE=0.62 


AE-6.63 


PL portion 


AE=0.46 


AE=17.89 


Lower intermediate portion 


AE=1 .08 


AE=7.91 


Lowermost portion 


AE=0.85 


AE=2.80 



[0033] As shown in Table 1 , the prior art product has a large color difference AE at each position, particularly at the 
PL portion. The reason for this is that when the coating solution is applied with a spray gun, the thickness of the coating 
film is nonuniform. Particularly, the coating thickness at the PL portion, which has a surface substantially perpendicular 
to the split surface, is less than that of the uppermost portion. In contrast, the color difference AE is relatively small at 
each location, and the coating film has a substantially uniform thickness in the first embodiment. It is also seen that a 
coating film having almost the same thickness as that of the uppermost portion is formed at the PL portion. 
[0034] Next, steering wheels molded by changing the amount of each component of the coating solution were eval- 
uated based on disability, coatability and dryability of the coating solution. The results are shown in Table 2 together 
with the composition of each coating solution. The solid filler in Table 2 is a urethane resin for forming the coating layer. 
When aggregation of the solid filler did not occur at the time of dilution, the solid filler was marked with O to indicate 
that it had high disability (O represents positive results). On the other hand, when aggregation of the solid filler occurred 
at the time of dilution, the solid filler was marked with X to indicate that it had low disability (X represents poor results). 
When the coating solution dried in less than 60 seconds, it was marked with O to indicate that it had high dryability. 
When the coating solution dried in 60 seconds or more, it was marked with A to indicate that it had low dryability (A 
represents mixed results). 



Table 2 
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40 



No. 


Amount of each component (gram) 


Result 


Evaluation 


Solid filler 


lPA 


MEK 


Toluene 


Disability 


Coatability 


Dryability 


1 


30 


130 


220 


20 


O 


O 


A 


A 


2 


30 


30 


220 


20 


X 






X 


3 


30 


530 


620 


20 


0 


O 


A 


A 


4 


30 


130 


620 


20 


0 


O 


O 


O 


5 


30 


130 


1020 


20 


0 


O 


O 


0 


I 6 


30 


130 


1420 


20 


X 






X 


7 


30 


130 


1820 


20 


X 






X 



[0035] As shown in Table 2, coating solution No. 1 showed excellent disability and coatability but its drying time 
was long. Therefore, the symbol A was used to represent the evaluation. Coating solutions Nos. 2, 6 and 7, which 
contained a smaller amount of IPA than MEK, showed low disability. Therefore, the evaluation was represented with 
the symbol X. In coating solutions No. 1 , No. 4 and No. 5, the amount of MEK was increased to a level such that the 
solid filler did not aggregate. As a result, the drying time of the coating solutions shortened. Therefore, the evaluation 
of the coating solutions No. 4 and No. 5 were represented by the symbol O. When the amounts of MEK and IPA were 
increased in coating solution No. 3, the drying time was extended. Therefore, evaluation of the coating solution No. 3 
was represented by the symbol A. The coatability of each of the coating solutions Nos. 1 , 3, 4 and 5, which had excellent 
disability, was satisfactory. However, it was difficult to apply coating solutions Nos. 2, 6 and 7, which had poor disa- 
bility. 

[0036] Thus, when MEK was added to dilute the coating such that aggregation did not occur, the dryability improved 
and coatability was maintained. Therefore, in the first embodiment, coating solution No. 5, which was prepared by 
adding MEK in an amount (800 g) 2 times larger than that (400 g) of coating solution No. 1 to dilute the coating was 
used as the resin material for the steering wheel 1 . 

[0037] When the coating M was applied with a spray gun as in the prior art, the adhesion efficiency to the inside of 
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the cavity 17 was about 20 %. In contrast to this, in the first embodiment, the adhesion efficiency to the inside of the 
cavity 17 was about 50 to 70%. 

[0038] The first embodiment has the following advantages. 

(1) Since the coating M is applied to the inside of the closed metal mold 7, the adhesion efficiency is better than 
when the coating M is applied with a spray gun. Therefore, the material cost of the coating M is reduced. The 
coating M is not applied to portions other than the cavity 1 7, which prevents the formation of a burr. Therefore, the 
step of removing the burr which is required in the prior art is not necessary. As a result, production cost is reduced. 
Further, the coating M is prevented from being scattered, which results in a clean work site, prevents waste and 
limits environmental damage. 

(2) The coating M is uniformly applied to the wall surface of the cavity 17 due to an increase in the volume of the 
coating M caused by the boiling of the solvents and the breakage of foam. As a result, a urethane resin coating 
layer U1 having excellent light resistance is formed on the surface of the resin portion with a substantially uniform 
thickness after molding. Therefore, the light resistance is substantially uniform, which prevents deterioration in the 
appearance and performance of the product. Further, the product surface has no color difference, which improves 
the appearance. Moreover, when the solution of the coating M is poured into the cavity 17, the thickness of the 
film can be adjusted by controlling the amount of the coating M . Thus, a coating film having an appropriate thickness 
is formed on the parting line portion (PL portion), which has a surface substantially perpendicular to the split surface 
making it difficult to form a thick coating film in the prior art. Therefore, the light resistance and abrasion resistance 
is improved in the steering wheel 1 . Since the surface of the metal mold is transferred to the surface of the coating 
film, a surface design can be easily provided by the metal mold 7. More specifically, a smooth surface or uneven 
surface can be formed on the steering wheel 1 . 

(3) Since the steering wheel 1 is molded such that the surface of the steering wheel that faces the driver faces 
downward, a urethane resin coating layer U1 is surely formed on the surface of the steering wheel that faces the 
driver faces. This improves the light resistance of the steering wheel 1 . 

(4) Since the surface of the core bar 1 0 is washed with the solvents of the coating M : and the urethane resin-based 
coating M, which has excellent adhesion, is applied to the surface of the core bar 10, the core bar 10 and the 
urethane resin are firmly bonded together. 

(5) Since the reaction injection molding of the urethane material is carried out while the temperature and pressure 
of the cavity are lower than that of injection molding with thermoplastic resin, the breakage of the coating layer on 
the wall surface of the cavity 17 is prevented. As a result, product yield improves. 

(6) In the first embodiment, coating solution No. 5 (150 g) having composition (MEK = about 85%, IPA = about 
10%, urethane resin = 2.5%), which is shown in Table 2, was used. Therefore, the coating solution has excellent 
disability without aggregation of the solid filler and the coatability and dryability are satisfactory. 

(7) Since the slightly foamed skin layer U3 is formed around the highly foamed core portion U2, the abrasion 
resistance and the texture of the steering wheel 1 are improved. The coating film layer U1 , which is made of a 
urethane resin having excellent light resistance, is formed on the surface of the resin portion with a substantially 
uniform thickness. As a result, the light resistance is substantially uniform. Further, the surface of the product has 
substantially no color difference. Even when the coating film is worn away by extended use, since the skin layer 
U3 is formed in the interior portion of the steering wheel, the appearance and texture of the steering wheel are 
retained. 

(Second Embodiment) 

[0039] The second embodiment of the present invention will be described below with reference to Fig. 6, focusing 
on its differences from the first embodiment. 

[0040] The injection molding machine of the second embodiment has a coating injector 40. The dotted lines of Fig. 
6 show the cavity 1 7 and the gate 23. The coating M is injected into the cavity 1 7 from the coating injector 40 through 
the gate 23. Urethane material, which has been mixed in the urethane injector 41 is injected into the cavity 17 through 
the gate 23 Therefore, the coating solution and the urethane material are injected into the cavity 1 7 through the common 
gate 23. In this injection molding machine, the coating solution is injected into the cavity 17 while the metal mold 7 is 
closed. 
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[0041] The molding step will be described below. A parting agent coating is first applied to the wall surface of the 
cavity 1 7, and the core bar 1 0 is set in the mold metal 7 and clamped. The inside of the cavity 1 7 Is depressurized by 
the vacuum pump 34 to reduce the pressure in the cavity 1 7 to a predetermined value. The coating M is then injected 
into the cavity 1 7 from the coating injector 40. At this point, the solvents of the coating M boil, which causes the coating 
5 M to foam. The coating M flows toward the exhaust hole 20 in the cavity 17 while the foam breaks. Thus, the coating 
M is formed on the wall surface of the cavity 1 7. A urethane resin coating film is formed on the wall surface of the cavity 
1 7 by the evaporation of the solvents. 

[0042] After the coating layer is formed on the wall surface of the cavity 1 7, the urethane material is injected into the 
cavity 17 from the urethane injector 41. The urethane material reacts and cures in the cavity 17. Thus, the molded 
10 steering wheel 1 is produced. 

[0043] The second embodiment has the following advantages. 

(1 ) Since the coating M is injected while the cavity 1 7 is depressurized, the resin molding step is performed quickly. 
Since the coating M is injected into the closed metal mold 7, the coating M and the solvents do not leak from the 

15 injection molding machine. 

(2) Since the amount of the coating solution injected is controlled by the coating injector 40, the thickness of the 
coating layer can be easily adjusted. Therefore, product variations can be reduced. 

20 (Third Embodiment) 

[0044] The third embodiment of the present invention will be described below, focusing on its differences from the 
first embodiment. 

[0045] Fig. 7, Fig. 8 and Fig. 1 0 are sectional views taken along the spoke portion 4 of an injection molding machine. 
25 Fig. 9 is a sectional view taken along the spoke portions 3 and 5. Four exhaust holes 20a to 20d are formed in the 
recess portion 16 of the upper die 9. The exhaust holes 20a to 20d communicate with the cavity 17 and the hollow 
portion 21 . The exhaust holes 20a to 20d are formed at the highest position of the cavity 17 in the metal mold 7 as 
shown in Fig. 8 and Fig. 9. 

[0046] The urethane material is liquid and contains a polyol component, an isocyanate component and a foaming 
30 component. This urethane material is injected into the metal mold 7 from the injection nozzle 22 by an unillustrated 
injection machine. 

[0047] The following description is of a process for molding the steering wheel 1 with reference to Figs. 7 to 10. 
. [0048] As shown in Fig. 7, a parting agent is first applied to the wall surface of the cavity 17 of the opened metal 
mold 7. Thereafter, the coating M (1 70 g) is injected into the recess portion 1 5 of the lower die 8 while the metal mold 
35 7 is horizontal. The coating M contains methyl ethyl ketone (M EK) and isopropyl alcohol (IPA) as solvents and a urethane 
resin as a solid filler. 

[0049] The core bar 10 is set in the metal mold 7 as shown in Fig. 8 and Fig. 9, and the metal mold 7 is closed and 
clamped. The vacuum pump 34 is driven to depressurize the inside of the box 1 3. At this point, the air in the cavity 1 7 
is drawn into the hollow portion 21 through the exhaust holes 20a to 20d. As a result, the pressure in the cavity 1 7 is 

40 uniformly reduced. In response to the reduction in the pressure in the cavity 17, the boiling points of the solvents of 
the coating M fall. The coating M flows toward the exhaust holes 20a to 20d while it boils. When the pressure in the 
cavity 1 7 is reduced to 40 kPa (300 Torr) or less at while the metal mold 7 temperature is 55°C, the solvents boil. The 
coating M is applied to the wall surface of the cavity 1 7 by the volume increase and the breakage of foam during boiling. 
The solvents contained in the coating M evaporate and the urethane resin of the coating M adheres to the wall surface 

45 of the cavity 17. At this point, the coating M applied to the upper portion of the cavity 17 dries while it flows downward. 
As a result, the coating layer on the bottom side of the cavity 17 is thicker than the coating layer on the ceiling of the 
cavity 1 7. Further, in the cavity 1 7, the surface of the core bar 1 0 is washed with the solvents, and the coating M, which 
also functions as an adhesive, adheres to the surface of the core bar 10. The evaporated solvents are exhausted to 
the outside of the apparatus through the exhaust holes 20a to 20d by the vacuum pump 34. 

so [0050] Then, the urethane material, which is a filler material mixed in the unillustrated injection machine, is injected 
into the cavity 1 7 from the injection nozzle 22 through the gate 23. The urethane material reacts and cures in the cavity 
1 7. To describe more specifically, the foaming component and the isocyanate component react with each other to form 
C0 2 , and the polyol component and the isocyanate component react with each other to foam mold the urethane resin. 
[0051 ] Thus, the molding and coating of the urethane resin are carried out in the grip portion 2 and the spoke portions 

55 3, 4 and 5 simultaneously. As a result, the urethane resin coating layer U1 , which is light resistant, is formed on the 
surface of the urethane resin layer U2. Finally, the metal mold 7 is opened and the steering wheel 1 is removed. 
[0052] Since the resin molding takes place while the steering wheel 1 is upside down (the grip portion 2 faces down) 
in this embodiment, the thickness of the coating film increases gradually from the rear side to the front side of the 
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steering wheel 1 . The thickness of the coating film on the front side is 1 0 u.m. 
[0053] The third embodiment has the following advantages. 

(1) Since the light-resistant urethane resin coating layer U1 is formed on the surface of the foamed urethane resin layer 
U2, discoloration of the urethane resin layer U2 is prevented. The thick coating layer is formed on the front side of the 
steering wheel 1, where discoloration is more conspicuous. Further, deterioration in the light resistance caused by 
abrasion is prevented without fail. Since a thin coating film is formed on the rear side, the material cost of the coating 
M is reduced. Therefore, the cost of preventing the product's appearance from deteriorating is low. 



(Fourth Embodiment) 

[0054] The fourth embodiment of the present invention will be described below, focusing on its differences from the 
first embodiment. 

[0055] In the molding process of this embodiment, the metal mold 7 is horizontal during a period from when the 
coating M is injected into the cavity 1 7 until the cavity 1 7 is depressurized. This prevents the coating M from gathering 
in a predetermined portion of the cavity 1 7. As a result, the coating M is uniform on the wall surface of the cavity 1 7. 
[0056] The peel strength of the resin portion to the core bar 10 of the steering wheel 1 produced by the molding 
process of this embodiment was measured. 

[0057] A steering wheel 1 was prepared by injecting a coating (150 g) into the cavity 1 7 and reducing the pressure 
in the cavity 1 7 to (300 Torr) 40 kPa or less to form a coating film on the wall surface of the cavity 1 7. As a comparative 
prior art example, a steering wheel was prepared by forming a coating film on the wall surface of the cavity 17 with a 
spray gun The results of the peel strengths of the both steering wheels are shown in Table 3. Table 3 also shows the 
results obtained when the method of treating the core bar 10 was changed. More specifically, the core bar 10 was 
washed or washed and immersed in an adhesive solution. Table 3 shows the resulting peel strengths neither of the 
above treatments was performed, when the washing treatment was carried out, and when both the washing treatment 
and the immersion treatment were carried out. 

Table 3 



Core bar treatment 


peel strength 


Fourth embodiment 


Prior art 


Untreated 


10.8Nm 


1.8Nm 


Washing 


j 12.8Nm 


5.6Nm 


Washing and immersion 


14.7Nm 


17.2Nm 



[0058] As shown in Table 3, the peel strength of the steering wheel 1 of this embodiment was 1 0.8 Nm when the 
core bar 1 0 was not treated. When only the wash ing treatment was carried out, it was 1 2.8 Nm. When both the washing 
treatment and the immersion treatment were carried out, the peel strength was 14.7 Nm. On the other hand, the peel 
strength of the steering wheel of the prior art comparative example was 1.8 Nm when not treated. When only the 
washing treatment was carried out, it was 5.6 Nm and when both the washing treatment and the immersion treatment 
in an adhesive were carried out, it was 17.2 Nm. 

[0059] As seen from Table 3, when the film forming method of this embodiment was employed, even if no surface 
treatment was performed, the peel strength was 1 0 Nm or more and satisfactory adhesion strength was accomplished. 
However in the comparative example, the peel strength was unsatisfactory and the surface treatment of the core bar 
10 was indispensable. Therefore, when the forming method of this embodiment is employed, the washing treatment 
and the adhesive immersion treatment can be simplified or omitted. 

[0060] The efficiency of the adhesion to the cavity 1 7 was about 20% in the prior art comparative example. In contrast, 
since the coating M was applied to the wall surface of the closed cavity 1 7 in the fourth embodiment, the efficiency of 
adhesion to the cavity 17 improved to about 50 to 70%. 
[0061] The fourth embodiment has the following advantages. 

(1) Since the surface of the core bar 10 is washed in the cavity 17 to remove impurities adhered to the surface, 
adhesion between the core bar 10 and the urethane resin improves. Further, in this embodiment, the urethane 
resin-based coating M, which has excellent adhesion, is applied to the surface of the washed core bar 10. As a 
result, the core bar 1 0 and the urethane resin are firmly bonded to each other. Therefore, the step of washing the 
core bar 1 0 and the step of applying a coat of adhesive on the core bar 1 0, which are required in the prior art, can 
be omitted, which reduces production costs. 



8 



EP 1 088 648 B1 



(2) Since the pressure in the cavity 17 is reduced while the metal mold 7 is horizontal, the coating M in the cavity 
cannot gather at one location and is uniformly formed on the wall surface of the cavity 17. 

(Fifth Embodiment) 

5 

[0062] The fifth embodiment of the present invention will be described below, focusing on the differences from the 
first embodiment. 

[0063] The urethane material of the fifth embodiment contains a liquid polyol component (for example, polyether 
polyol), isocyanate component (for example, diphenylmethane diisocyanate) and water as a foaming agent. 

10 [0064]' A description of a process for molding a urethane resin into the steering wheel 1 of this embodiment follows. 
Like the first embodiment, the metal mold 7 is first opened and a parting agent is coated on the wall surface of the 
cavity 17. Thereafter, the liquid coating M (150 g) is injected into the lower recess portion 15 while the metal mold 7 is 
horizontal. The core bar 10 is set in the metal mold 7, which is then closed and clamped. The vacuum pump 34 is 
driven to reduce the pressure in the box 13. Then, the solvents of the coating M boil, and the urethane resin of the 

is coating M adheres to the wall surface of the cavity 1 7. After the coating M is fully dried, the vacuum pump 34 is stopped. 
[0065] After the pressure in the cavity 17 reaches normal pressure, the liquid urethane material, which has been 
mixed by an unillustrated urethane injector, is injected into the cavity 17 from the injection nozzle 22 through the gate 
23 and reacts and cures in the cavity 1 7 as shown in Fig. 3. To describe more specifically, water and the isocyanate 
component react with each other to form C0 2 , and the polyol component and the isocyanate component react with 

20 each other to foam and mold the urethane resin simultaneously (refer to Japanese Unexamined Patent Publication 
No. Hei 5-57735). As a result, the molding and coating of the urethane resin of the grip portion 2 and the spoke portions 
3, 4 and 5 of the steering wheel 1 are carried out simultaneously. 
[0066] The fifth embodiment has the following advantages. 

(1) The light-resistant urethane resin coating layer U1 is formed on the surface of the urethane resin layer U2, which 
25 is molded by foaming with water to a substantially uniform thickness. 

(Sixth Embodiment) 

[0067] In this embodiment, polypropylene (PP) or the like, which has excellent moldability and is light and inexpen- 
30 sive, is used as the molding material. Since polypropylene has poor weather resistance, the surface of a polypropylene 
resin molded portion is covered with a coating layer having excellent weather resistance. In the sixth embodiment, a 
back panel 71 , which is located between a pair of right and left tail lamps of an automobile, is molded using the metal 
mold 7. 

[0068] As shown in Figs. 11 to 13, the metal mold 7 is placed in the box 13, which includes the frame 11 and the 
35 cover 12. An exhaust hole 20 is formed in the upper recess portion 16 of the upper die 9. The exhaust hole 20 com- 
municates with the cavity 1 7 and the hollow portion 21 . The exhaust hole 20 is also formed at positions corresponding 
to the corner portions 1 a of the back panel 71 shown in Fig. 1 4. Polypropylene is injected into the cavity 1 7 from the 
injection nozzle 22 of an unillustrated injection machine. 

[0069] A description a process for molding a resin into the back panel 71 follows. 

40 [0070] As shown in Fig. 11 , the metal mold 7 is first opened to apply a parting agent coating on the wall surface of 
the cavity 17 (the recess portion 15 of the lower die 8 and the recess portion 16 of the upper die 9). Thereafter, the 
liquid coating M is injected into the recess portion 1 5 of the lower die B while the metal mold 7 is horizontal. The solution 
of the coating M in this embodiment contains methyl ethyl ketone (MEK) and isopropyl alcohol (I PA), which are solvents, 
and a urethane resin, which is a solid filler. 

45 [0071] The frame 11 and the lower die 8 are moved to close the metal mold 7 as shown in Fig. 12. The vacuum pump 
34 is then driven to remove air from the box 13. At this point, the air in the cavity 17 is drawn into the hollow portion 
21 through the exhaust hole 20, thereby reducing the pressure in the cavity 1 7. When the pressure in the cavity 1 7 is 
reduced, the boiling points of the solvents (MEK, IPA) of the coating M fall. The temperature of the metal mold 7 is 
maintained at normal temperature (about 20°C). When the pressure in the cavity 17 reaches 9,3 kPa (70 Torr), the 

50 solvents boil. Due to the boiling of the solvents, the coating M is coated on the wall surface of the cavity 1 7. Then, the 
solvents of the coating M evaporate and the urethane resin adheres to the wall surface of the cavity 1 7. The evaporated 
solvents are exhausted from the exhaust holes 20 through the hollow portion 21 in the box 13 and the exhaust pipe 
31 by the vacuum pump 34. 

[0072] Then, polypropylene, the flowability of which has been improved by heating in the unillustrated injection ma- 
ss chine, is injected into the cavity 1 7. The polypropylene is cooled and cured in the cavity 1 7 as shown in Fig. 1 3. At this 
point. a urethane resin coating layer U1 that has excellent weather resistance is formed on the surface of a polypro- 
pylene portion P1, which is injection molded and has a substantially uniform thickness. Finally, the metal mold 7 is 
opened and the back panel 71 of Fig. 14 is taken out. 
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( [0073] When the coating M was applied with a spray gun, as in the prior art, the efficiency of adhesion to the cavity 

1 7 was about 20%. In contrast, when the coating M was formed on the wall surface of the closed cavity 1 7, as in this 
embodiment, the adhesion efficiency to the cavity 17 improved to about 50 to 70%. 

[0074] As described above, according to this embodiment, even when polypropylene is used, the advantages effects 
5 of the first embodiment are likewise achieved. 



(Seventh Embodiment) 

[0075] The seventh embodiment of the present invention will be described below with reference to the drawing. This 

10 embodiment differs from the sixth embodiment in that a coating injector is provided. 

[0076] Fig. 1 5 is a diagram substantially showing the construction of an injection molding machine and showing the 
cavity 17 and the gate 23 by dotted lines. The coating M is injected into the cavity 17 from the coating injector 40 
through the gate 23. Polypropylene, which is heated by the resin injector 41 and has a low flow resistance, is injected 
into the cavity 17 through the gate 23. That is, the coating M and the polypropylene are injected into the cavity 17 

15 through the common gate 23. When the injection molding machine is thus constructed, the coating M can be injected 
into the cavity 1 7 while the metal mold 7 is closed. 

[0077] More specifically, after a coating of parting agent is applied to the wall surface of the cavity 1 7, the metal mold 
7 is closed. The vacuum pump 34 is then driven to reduce the pressure in the cavity 17, and the coating M is injected 
into the cavity 17 from the coating injector 40 when the pressure in the cavity 17 is reduced to a predetermined value 

20 or less. At this point, the solvents of the coating M boil and the foamed coating M flows toward the exhaust holes 20 
in the cavity 17 while the foam breaks. Thus, the coating M is applied to the wall surface of the cavity 17. Then, the 
solvents of the coating M evaporate and the urethane resin coating M is formed on the wall surface of the cavity 17. 
[0078] After the coating layer is thus formed on the wall surface of the cavity 17, the heated polypropylene is injected 
into the cavity 1 7. The polypropylene cures in the cavity 17 to form the back panel 71 . 

25 [0079] According to this embodiment, the advantages effects of the sixth embodiment are likewise achieved. 



(Eighth Embodiment) 

[0080] The eighth embodiment of the present invention will be described below with reference to the drawing. In this 
30 embodiment, the same injection molding machine as in the first embodiment is used. The injection nozzle 41 a of the 

urethane injector 41 is installed in the side wall of the frame 1 1 . The urethane material is mixed in the urethane injector 

41 and injected into the cavity 17 from the injection nozzle 41a. The urethane material contains a polyol component, 

an isocyanate component and a coloring component. These three components are mixed in the urethane injector 41 . 

[0081] The urethane injector 41 will be described below with reference to Fig. 1 6. 
35 [0082] The urethane injector 41 has a cylinder 42 and a body 43 , which is at the end of the cylinder 42 and continuous 

with the cylinder 42. The injection nozzle 41 a is formed at the end of the body 43. The injection nozzle 41 a is connected 

to the side wall of the frame 11 . 

[0083] A through hole 44 is formed in the inside of the body 43. A spool 46 is inserted into the through hole 44 so 
that it can move therein. The spool 46 is attached to a piston (not shown) which reciprocates in the cylinder 42. The 
40 spool 46 is moved by piston between a forward position, shown by broken line, and a rear position, shown by a solid 
line in Fig. 1 6. A pair of grooves 47a and 47b, which extend in the longitudinal direction of the spool 46, are formed in 
the outer wall of the spool 46. A mixing chamber 4B is defined by the end surface of the spool 46 and the wall of the 
through hole 44. 

[0084] Two cylindrical nozzles 49 and 50 are installed in the body 43 and are opposed to each other. The polyol 
45 component is discharged from the first nozzle 49. The isocyanate component is discharged from the second nozzle 
50. An orifice 51 , which is open to the mixing chamber 48 or the grooves 47a and 47b, is formed in the nozzles 49 and 
50. The opening of the orifice 51 is controlled by a needle 52. 

[0085] A reflux hole 53 for the polyol component and a reflux hole 54 for the isocyanate component are formed in 
the body 43 and communicate with the grooves 47a and 47b, respectively. The first nozzle 49 and the reflux hole 53 

so are connected to a tank 57 and a pump 58 for the polyol component by a hose 56. The polyol component flows from 
the tank 57 to the pump 58, nozzle 49, groove 47a and reflux hole 53 and returns to the tank 57. The nozzle 50 and 
the reflux hole 54 are connected to atank 61 and a pump 62 forthe isocyanate component by a hose 60. The isocyanate 
component flows from the tank 61 to the pump 62, nozzle 50, groove 47b and reflux hole 54 and returns to the tank 61 . 
[0086] A discharge passage 64 for discharging the coloring component is formed in the center of the spool 46. The 

55 discharge passage 64 connects the end surface of the spool 46 to the outer surface of the spool 46. An introduction 
hole 65, which communicates with the discharge passage 64 only when the spool 46 moves backward (rightward in 
Fig. 16), is formed in the body 43. A hose 66 connects the introduction hole 65, a flow controller 67, a valve 68 and a 
tank 69 for the coloring component. The inside of the tank 69 is always pressurized by an air pressurizing unit 70. The 
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opening of the valve 68 is controlled by a timer or the like. The amount of material discharge from the discharge passage 
64 Is controlled by the opening/closing timing of the valve 68 and the flow controller 67. A pigment, which serves as 
the coloring component, is dispersed in the polyol component and stored in the tank 69. The coloring material is dis- 
charged from the discharge passage 64 through the valve 68 and the flow controller 67. 

5 [0087] The coloring material discharged from the discharge passage 64, the polyol component discharged from the 
nozzle 49 and the isocyanate component discharged from the nozzle 50 are mixed together in the mixing chamber 48. 
The urethane material is injected into the cavity 17 from the injection nozzle 41a when the spool 46 moves forward. 
[0088] A description follows of a process for molding a urethane resin into the steering wheel 1 of this embodiment 
with reference to Figs. 1 to 3. The urethane resin contained in the coating M has the same color as the inner urethane 

10 resin. 

[0089] As shown in Fig. 1 , the metal mold 7 is first opened to permit a parting agent to be coated on the wall surface 
of the cavity 17. Thereafter, the liquid coating M (170 g in this embodiment) is injected into the recess portion 15 of the 
lower die 8 while the metal mold 7 is horizontal. 

[0090] The core bar 1 0 is then set in the metal mold 7 and the metal mold 7 is closed. The vacuum pump 34 is driven 
15 to reduce the pressure in the box 1 3 and the cavity 1 7. When the pressure in the cavity 1 7 is reduced, the boiling points 
of the solvents (MEK, IPA) of the coating M fall. The temperature of the metal mold 7 is maintained at55°C. When the 
pressure in the cavity 1 7 is reduced to 40kPa (300 Torr) or less, the solvents boil. The coating M is formed on the wall 
surface of the cavity 1 7 by a volume increase and the breakage of foam during boiling. When the solvents of the coating 
M evaporate, the coating layer is formed on the wall surface of the cavity 1 7. At this point, the surface of the core bar 
20 10 in the cavity 17 is washed with the solvents of the coating M and the coating M, which functions as an adhesive, 
adheres to the surface of the core bar 1 0. The pressure in the cavity 1 7 is reduced to 6,6 kPa (50 Torr) and the solvents 
evaporate in about 60 seconds. The evaporated solvents are exhausted from the exhaust hole 20 through the hollow 
portion 21 in the box 13 and the exhaust pipe 31 by the vacuum pump 34. 

[0091 ] Thereafter, the urethane material, which has been mixed in the urethane injector 41 is injected into the cavity 
25 17 while the reduced pressure is maintained. The urethane material cures in the cavity 17. Consequently, a slightly 
foamed skin layer U3 and a highly foamed core portion U2 are formed on the inner side of the urethane resin coating 
layer U1. 

[0092] More specifically, the spool 46 is moved backward to discharge the polyol component from the nozzle 49 and 
the isocyanate component from the nozzle 50 into the mixing chamber 48. At the same time, the valve 68 is opened 

30 to discharge the coloring material into the mixing chamber 48 from the discharge passage 64 so that it collides with 
and mixes with the above components. At this point, the concentration of the pigment contained in the urethane material 
is controlled to 40% of the standard concentration, for example. When the spool 46 is moved forward, the mixed 
urethane material is injected into the cavity 1 7 from the injection nozzle 41 a. That is, the first urethane material, which 
contains pigment in a concentration that is 40% of the standard concentration, is injected into the cavity 1 7 (first injection 

35 step). 

[0093] Then, gas contained in the urethane material expands suddenly under reduced pressure and forms a large 
number of bubbles. As a result, the urethane material foams in a short period of time and fills the cavity 17 while it 
flows. Simultaneous with the foaming of the urethane material, a reaction (urethane reaction) between the polyol com- 
ponent and the isocyanate component in the urethane material starts. During this reaction, heat is generated which 
40 promotes reaction curing. At this point, reaction heat is transmitted to the metal mold 7 in the proximity of the wall 
surface of the cavity 1 7, resulting in a temperature reduction. 

Therefore, the urethane reaction is slower in the proximity of the wail surface. Also the urethane material near the wall 
surface has a lower viscosity than that in the interior of the urethane material. As a result, bubbles near the surface 
easily break, and a slightly foamed fine skin layer U3, where even very small bubbles do not remain, is formed. Mean- 

45 while, since the viscosity of the interior portion away from the wall surface of the cavity 17 is raised by the urethane 
reaction, which proceeds swiftly, bubbles remain in that portion. As a result, a high foamed core portion U2 is formed. 
Thus, the skin layer U3 is formed on the surface of the high foamed core portion U2, thereby providing soft and solid feel. 
[0094] Subsequently, the amount of the coloring component discharged into the mixing chamber 48 from the dis- 
charge passage 64 is increased, and a urethane material the pigment concentration of which is set at a standard level 

so (1 00%), is injected into the cavity 1 7 from the injection nozzle 41 a. That is, the second urethane material containing a 
larger amount of a pigment than the first urethane material is injected (second injection step). Consequently, the ure- 
thane resin of a portion near the gate is molded. Therefore, even if the urethane resin remaining in the gate portion is 
cut off later, urethane resin containing a standard concentration of pigment is exposed, which prevents a defects in 
the appearance. 

55 [0095] Fig. 1 7 is a timing chart showing changes in the concentration of the pigment in the above molding. That is, 
as shown in Fig. 1 7, in the first injection step which occurs a period from t1 to t2, the skin layer U3 and the core portion 
U2 are formed by setting the pigment concentration at 40% of the standard level. In the second injection step, which 
occurs in a period from t2 to t3, the portion near the gate is formed with resin having the standard pigment concentration 
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[0096] When the steering wheel 1 is thus molded, the concentration of the pigment in the skin layer U3 underlying 
the coating layer is 40%, which is lower than the standard concentration, and the core portion U2 has a relatively lower 
pigment concentration and a lighter color than the skin layer U3 because the core portion U2 is foamed. Since the 
color of the layered parts of the steering wheel 1 is perceived as a sum of the colors of the layers U1 , U2, US, the color 
of the exposed part, where the gate material was removed and where the pigment concentration is high, appears to 
be the same as the remainder of the steering wheel 1 , the layers of which have lower pigment concentrations. 
[00971 A one-dot chain line in Fig. 1 7 shows a comparative example in which the coating M was applied with a spray 
gun before the foam molding of the urethane material was carried out. In this case, a burr was formed on the parting 
line and a highly foamed core portion was exposed by removing the burr. Therefore, during a period from t1 to t2 when 
the skin layer and the core portion were formed, the concentration of the pigment had to be increased (for example, 
to 65%) so that no color defect would appear where the burr was cut away. However, in the present invention, the 
coating M is only applied to the walls of the cavity 17, and a burr is not formed on the parting line, which makes it 
possible to reduce the concentration of the pigment. 
[0098] The eighth embodiment has the following advantages. 

(1 ) Although the concentration of the pigment in the skin layer U3 is lower than that of the urethane resin near the 
gate the degree of coloration of the skin layer U3 is almost the same as that of the urethane resin near the gate 
because there are almost no bubbles in the skin layer U3. The coating M is not applied to surfaces outside the 
cavity 1 7 which prevents burrs. Therefore, the exposure of the core portion U2 by the removal of a burr is prevented. 
Further when the coating M is applied with a spray gun (mold coating), the coating M is not uniform. In particular, 
the coating near the parting line is too thin. However, in this embodiment, a substantially uniform film having a 
desired thickness formed on the surface of the skin layer U3. Therefore, the urethane resin is covered with the 
coating film, which makes it possible to reduce the concentration of the pigment contained in the skin layer U3 and 
the core portion U2. Even if gate material is cut off, urethane resin having a standard concentration of a pigment 
is exposed, which prevents a defect in the appearance. 

[0099] As described above, the concentration of the pigment contained in the urethane material can be reduced and 
the material costs can be reduced without sacrificing the product appearance. The pigment particles abrade parts of 
the urethane injector 41 . However, since the concentration of the pigment can be reduced as described above, the 
abrasion is reduced. Consequently, the maintenance costs of the urethane injector 41 are reduced. 
[0100] The above embodiments can be modified as follows. 

* I n the second embodiment, the coating M may be injected before depressurization. 

* In the second embodiment, the coating solution may be injected into the cavity 1 7 from a location other than the 
gate 23. Alternatively, it may be injected into the cavity 17 from a plurality of locations. In this case, the coating M 
can be efficiently applied to the wail surface of the cavity 17. 

* I n the first to sixth embodiments and the eighth embodiment, a rubber material and other various kinds of materials 
may be used as the molding material. Products that can be molded in these embodiments include an instrument 
panels, console boxes, glow boxes, headrests, armrests, door covers, air spoilers and bumpers. Further, the 
present invention may be applied to the molding of home electric appliances and the like. 

* In the seventh embodiment, ABS resin and otherthermoplastic materials, that flow resistance of which is improved 
by heating may be used. A thermoplastic resin that has absorbed gas at a high pressure may be injected into the 
cavity 17 at normal pressure and foam molded. This eliminates the need to reduce the molding pressure in the 
cavity 17 and prevents breakage of a coating layer formed in the cavity 17. The molding process proposed in 
Japanese Patent Publication No. Hei 7-119022 may be used as an alternative molding process. In this molding 
process, a molten thermoplastic resin is injected into a resin pool. Then, the metal mold is closed to fill the ther- 
moplastic resin contained in the resin pool into a resin injection space for molding. Also in this case, the pressure 
is lowered during molding, which prevents the breakage of a coating layer. 

* In each of the above embodiments, the components of the coating M can be suitably changed. More specifically, 
other thermosetting resin may be used in place of a urethane resin. As a solvent for the coating M, for example 
water may be used. From a practical point of view, a solvent having a boiling point of about 1 60'C or less at normal 
pressure may be used. 
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In each of the above embodiments, the pressure in the cavity 1 7 may be changed to about 9,3 kPa (70 Torr) when 
the temperature in the metal mold 7 is about room temperature (about 20°C). The reduced pressure in the cavity 
1 7 may be suitably changed according to the temperature of the metal mold 7 and the types of the solvents used. 

In the first and second embodiments, the coating M may be boiled by heating the metal mold 7 to the boiling points 
of the solvents under atmospheric pressure without reducing the pressure in the cavity 1 7. 

In the fourth embodiment, the coating M may be injected into the cavity 1 7 under normal pressure from the coating 
injector 40 before depressurization instead of after depressurization. 

in the fourth embodiment, a foaming agent that is evaporated by reaction heat between the polyol component and 
the isocyanate component may be used for foam molding in place of C0 2 that is formed by the reaction between 
the isocyanate component and the foaming component. 

The insert member may be made of a resin or glass. 

In the fourth embodiment, the step of washing the core bar 10 and the step of applying an adhesive on the core 
bar 10 may be carried out. In this case, the adhesion strength can be improved. The amount of adhesive to be 
applied to the insert member can be reduced according to the adhesion strength of the coating layer, which reduces 
material costs. 

In the eighth embodiment, since the interior core portion U2 may be concealed by the skin layer U3 and the coating 
film (urethane resin layer U1) according to the shape, color and the like of a molded product, the concentration of 
pigment in the core portion U2 may be reduced. 

More specifically, during a period from t1 to t1 0 shown in Fig 1 8, a first urethane material that has a pigment 
concentration of 40% is injected to form the skin layer U2. During a period from t1 0 to t2, a urethane material that 
contains no pigment is injected to form the interior core portion U2. Further, during a period from t2 to t3, a second 
urethane material, which has a standard pigment concentration (100%), is injected to deposit urethane resin near 
the gate. During a period from t10 to t2, the injection of urethane material having a pigment concentration of 0% 
may be omitted, and a urethane material (third urethane material) having a lower pigment concentration than at 
least the f irst urethane material may be injected. In the molding process shown in Fig. 1 8, the injection step during 
from t1 to t1 0 corresponds to the first injection step, and the injection step during from t2 to t3 corresponds to the 
second injection step. An injection step between the first injection step and the second injection step, that is, an 
injection step from t10 to t2 corresponds to the third injection step. 

* In the eighth embodiment, the pigment concentrations of the skin layer U3 and the core portion U2 may be suitably 
changed according to the shape, color and the like of a molded product. To describe more specifically, for example, 
during a period from t1 to t2 when the skin layer U3 and the core portion U2 are formed, foam molding may be 
carried out by gradually reducing the concentration of pigment. When a steering wheel is molded in the above 
embodiments, the concentration of the pigment in the urethane material for the surface portion is preferably reduced 
to 40 to 80% of the standard level. The concentration of the pigment in the urethane material for the interior portion 
is preferably reduced to 30 to 70% of the standard level. 

* In the eighth embodiment, a coating injector is provided separately to inject the coating M into the cavity 1 7 while 
the metal mold 7 is closed. Since the coating solution can be injected into the cavity 17 under reduced pressure 
in this case, the resin molding step can be carried out in a short period of time. The coating solution does not leak. 

* In each of the above embodiments, the molding machine may be equipped with a unit for collecting the coating. 



Claims 

1 . A method for manufacturing a molded product having a coating layer on the surface thereof, comprising the steps of: 

supplying a coating into a cavity of a metal mold, 
depressurizing the cavity, and 
filling a filler material into the mold 
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characterized by the steps of: 

supplying the coating as a coating solution, 

boiling the coating solution while the mold is closed so as to remove solvent therefrom, wherein the volume 
of the coating solution increases during boiling so as to form a coating layer on the surface of the cavity, and 
thereafter filling the filler material into the mold. 

2. The method according to claim 1 , wherein the coating solution is supplied to the cavity before the cavity is depres- 
surized. 

3. The method according to claim 1 , wherein the coating solution is supplied to the cavity after the cavity is depres- 
surized. 

4. The method according to claim 1 , wherein the coating solution contains methyl ehtyl ketone and isopropyl alcohol 
as solvents and a urethane resin. 

5. The method according to claim 1 , wherein the filler material contains a urethane material that reacts and cures in 
the cavity. 

6. The method according to claim 1, wherein the filler material contains a resin material, and the method further 
comprises the steps of 

heating the resin material to reduce the flow resistance thereof, 

supplying the heated resin material into the cavity after the boiling step, and 

curing the resin material in the cavity. 

7. The method according to claim 1 , wherein the mold is heated in the step of boiling the coating solution. 

8 The method according to any.one of claims 1 to 6, further comprising the step of 

setting an insert member in the open mold before moid closure, wherein the coating is formed on the insert 
member during boiling of the coating solution and increases the connection between the insert member and the 
filler material. 

9. The method according to claim 7, wherein the insert member is a steering wheel, the grip portion of which is faced 
downward to be located in the cavity. 

10 The method according to claim 5, wherein said filler material is urethane resin foamed, and is filled into the cavity 
' having the reduced pressure, wherein a slightly foamed skin layer is formed between a highly foamed core portion 
and the coating layer. 

11. The method according to claim 1, wherein said filler material comprises a first urethane material containing a 
pigment and a second urethane material containing a larger amount of pigment than the first urethane material, 
and wherein the first urethane material is injected into the cavity before injecting the second urethane material into 
the cavity. 

12 The method according to claim 11, wherein the filler material comprises a third urethane material containing a 
' smaller amount of pigment than the first urethane material, and wherein the third urethane material is injected into 
the cavity after the injection of the first urethane material and before the injection of the second urethane material. 

13. The method according to claim 1, further comprising the step of closing the metal mold prior to supplying the 
coating solution into a cavity. 

14. The method according to claim 5, further comprising the step of: 

supplying the urethane filler material into the coated mold cavity when the cavity mold is at ambient pressure. 
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Patentanspruche 

1 . Verfahren zur Herstellung eines Formkorpers mit einer Uberzugsschicht auf seiner Oberflache, das die nachste- 
henden Schritte umfaBt: 

Einbringen einer Beschichtung in die Formhohlung einer Metallform, 

Verringerung des Drucks in der Formhohlung, und 

Einfullen eines Fullmaterials in die Form, 

wobei das Verfahren durch die nachstehenden Schritte gekennzeichnet ist: 

Einbringen der Beschichtung als Beschichtungslosung, 

Siedenlassen der Beschichtungslosung wahrend die Form geschlossen ist, urn das Losungsmittel daraus zu 
entfernen, 

wobei das Volumen der Beschichtungslosung wahrend des Siedens zunimmt, urn eine Uberzugsschicht auf der 
Oberflache der Formhohlung zu bilden, und 
anschlieBendes Einfullen des Fullmaterials in die Form. 

2. Verfahren nach Anspruch 1 , in dem die Beschichtungslosung vor der Verringerung des Druckes in der Formhohlung 
in die Formhohlung eingebracht wird. 

3. Verfahren nach Anspruch 1 , in dem die Beschichtungslosung nach der Verringerung des Druckes in der Form- 
hohlung in die Formhohlung eingebracht wird. 

4. Verfahren nach Anspruch 1 , in dem die Beschichtungslosung Methylethylketon und Isopropylalkohol ats die Lo- 
sungsmittel und ein Urethanharz enthalt. 

5. Verfahren nach Anspruch 1 , in dem das Fullmaterial ein Urethanmaterial enthalt, das sich in der Formhohlung 
umsetzt und hartet. 

6. Verfahren nach Anspruch 1 , in dem das Fullmaterial ein Harzmaterial enthalt, und das Verfahren desweiteren die 
nachstehenden Schritte einschlieBt: 

Erwarmen des Harzmateriats, urn seinen FlieBwiderstand zu verringem, 

Einbringen des erwarmten Harzmaterials in die Formhohlung nach dem Siedeschritt, und 

Harten des Harzmaterials in der Formhohlung. 

7. Verfahren nach Anspruch 1 , in dem die Form im Schritt des Siedens der Beschichtungslosung erwarmt wird. 

8. Verfahren nach einem der Anspruche 1 bis 6, das desweiteren den nachstehenden Schritt einschlieBt: 

Anordnen eines Einsatzelementes in der offenen Form vor dem VerschlieBen der Form, wobei die Beschich- 
tung wahrend des Siedens der Beschichtungslosung auf dem Einsatzelement gebildetwird und die Verbindung 
zwischen dem Einsatzelement und dem Fullmaterial verstarkt. 

9. Verfahren nach Anspruch 7, in dem das Einsatzelement ein Lenkrad ist, dessen Greifbereich in der Formhohlung 
so angeordnet wird, daB er nach unten schaut. 

10. Verfahren nach Anspruch 5, in dem das Fullmaterial zu Urethanharz aufgeschaumt wird, und in die Formhohlung, 
die unter verringerten Drucksteht, eingefullt wird, wobei zwischen einem stark aufgeschaumten Kernbereich und 
der Uberzugsschicht eine wenig aufgeschaumte Hautschicht gebildet wird. 



15 



EP 1 088 648 B1 



11. Verfahren nach Anspruch 1 , in dem das Fullmaterial ein erstes Urethanmaterial. das ein Pigment enthalt, und ein 
zweites Urethanmaterial umfaBt, das eine groBere Menge an dem Pigment als das erste Urethanmaterial enthalt, 
und in dem das erste Urethanmaterial in die Formhohlung vor dem Einspritzen des zweiten Urethanmateriais in 
die Formhohlung eingespritzt wird. 

12. Verfahren nach Anspruch 11 , in dem das Fullmaterial ein drittes Urethanmaterial umfaBt, das eine kleinere Menge 
an dem Pigments als das erste Urethanmaterial enthalt, und in dem das dritte Urethanmaterial nach dem Einsprit- 
zen des ersten Urethanmateriais und vor dem Einspritzen des zweiten Urethanmateriais in die Formhohlung ein- 
gespritzt wird. 

13. Verfahren nach Anspruch 1 , das desweiteren den Schritt des SchlieBens der Metallform vor dem Einbringen der 
Beschichtungslosung in eine Formhohlung umfaBt. 

14. Verfahren nach Anspruch 5, das desweiteren den nachstehenden Schritt umfaBt: 

Einbringen eines Urethan-Fullmaterials in die beschichtete Formhohlung der Form, wenn die Formhohlung 
unter Umgebungsdruck steht. 

R even dicat ions 

1. Procede de fabrication d'un produit moule ayant une couche de revetement en surface, comprenant les etapes 
consistant a : 

placer un materiau de revetement dans la cavite d'un moule metallique, 
depressuriser la cavite, et 

remplir le moule d'un materiau de remplissage caracterise par les etapes consistant a : 
verser le materiau de revetement sous forme de solution de revetement, 

porter a ebullition la solution de revetement tandis que le moule est clos de facon a en extraire le solvant, 
dans lequel le volume de la solution de revetement augmente durant I'ebuliition de facon a former une 
couche de revetement sur la surface de la cavit§, et 

ensuite, remplir le moule du materiau de remplissage. 

2. Procede selon la revendication 1 , dans lequel on verse la solution de revetement dans la cavite avant de depres- 
suriser la cavite. 

3. Procede selon la revendication 1 , dans lequel on verse la solution de revetement dans la cavite apres avoir de- 
pressuriser la cavite. 

4. Procede selon la revendication 1 , dans lequel la solution de revetement contient de la cetone methyle 6thyle et 
de I'alcool isopropylique comme solvants et une resine urethane. 

5. Procede selon la revendication 1 , dans lequel le materiau de remplissage contient un materiau urethane qui reagit 
et durcit dans la cavite. 

6. Procede selon la revendication 1 , dans lequel le materiau de remplissage contient une resine, et procede com- 
prenant en outre les etapes consistant a : 

chauffer la resine pour reduire sa resistance a s'ecouler, 

verser la resine chauffee dans la cavite apres I'etape d'ebullition, et 

laisser durcir la resine dans la cavite. 
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7. Procede selon la revendication 1 , dans lequel le moule est chauffe pendant I'etape d'ebullition de la solution de 
revetement. 

8. Procede selon I'une quelconque des revendications 1 a 6, comprenant en outre I'etape conslstant a 

insurer un element dans le moule ouvert avant la fermeture du moule, dans lequel le revetement se forme 
sur ('element insere lors de I'ebullition de la solution de revetement et accroit la liaison entre I'element insere et le 
materiau de remplissage. 

9. Procede selon la revendication 7, dans lequel I'element insere est un volant dont la face d'adherence est position- 
nee vers le bas dans la cavite. 

10. Procede selon la revendication 5, dans lequel ledit materiau de remplissage est une resine urethane expansee, 
et est verse dans la cavite sous pression reduite, dans lequel une couche pelliculaire legerement expansee se 
forme entre la partie centrale fortement expansee et la couche de revetement. 

1 1 . Procede selon la revendication 1 , dans lequel ledlt materiau de remplissage comprend un premier materiau ure- 
thane contenant un pigment, et un second materiau urethane contenant une quantite plus importante de pigment 
que le premier materiau urethane, et dans lequel le premier materiau urethane est injecte dans la cavite avant 
I'injection du second materiau urethane dans la cavite. 

12. Procede selon la revendication 11, dans lequel le materiau urethane comprend un troisieme materiau urethane 
contenant une plus faible quantite de pigment que le premier materiau urethane, et dans lequel le troisieme ma- 
teriau urethane est injecte dans la cavite apres I'injection du premier materiau urethane et avant I'injection du 
second materiau urethane. 

13. Proc6de selon la revendication 1 , comprenant en outre I'etape conslstant a fermer le moule metallique avant de 
verser la solution de revetement dans la cavite. 

14. Procede selon la revendication 5, comprenant en outre I'etape consistant a : 

remplir la cavite du moule revetu du materiau de remplissage urethane lorsque la cavite du moule est a tem- 
perature ambiante. 
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Fig. 5 




Fig. 6 
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Fig. 15 
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Fig. 17 
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